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1epair of Ebstein’s Anomaly
ylvain Chauvaud, MD
Ebstein’s anomaly is a tricuspid valve anomaly associated with poor right ventricular
contractility in severe cases. Surgery is indicated in all symptomatic patients. Tricuspid
valve repair is possible in most of the cases with mobilization of the anterior leaflet and
longitudinal plication of the atrialized chamber. Tricuspid valve replacement is avoided.
Associated cavo-pulmonary bidirectional shunt is performed when the right ventricle is
unable to sustain normal cardiac output.
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gbstein’s anomaly is defined by a downward displacement
of the septal leaflet of the tricuspid valve in the right
entricle. The consequence is tricuspid valve insufficiency of
arying degrees, sometimes associated with stenosis. The
ostero-inferior leaflet may be absent or rudimentary and
isplaced. Between the attachment of the septal leaflet and
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doi:10.1053/j.optechstcvs.2004.07.005he tricuspid annulus (atrio-ventricular junction) is the atri-
lized right ventricle. The atrialized right ventricle can be
xtremely wide with paradoxical motion. The anterior leaflet
ay have various degrees of restricted motion due to abnor-
al attachments on the right ventricular wall. The inlet por-
ion of the right ventricle contracts poorly in severe cases and
resents thin muscular wall.
Ebstein’s anomaly is the association of tricuspid valve in-
ufficiency with a right ventricle anomaly. The goals of sur-
ery are to treat the valvular disease and, if necessary, the
ysfunction of the right ventricle.
Repair of Ebstein’s anomaly 195Surgical Technique
Figure 1 The patient is monitored with a radial artery catheter, a central venous pressure in the right jugular vein, and
in the femoral vein. A median sternotomy is performed with vertical incision of the pericardium. The diaphragmatic
wall of the right ventricle is checked to detect an aneurysmatic or dilated atrialized right ventricle. Yellowish patches on
the anterior face of a dilated right ventricle are of poor prognosis. The right appendage is bulging in the operating field.
A stay suture is placed on the appendage to retract it inferiorly permitting access to the aorta and to the superior vena
cava for cannulation.
196 S. ChauvaudFigure 2 Cannulation. A cannula is placed in the ascending aorta. The upper part of the superior vena cava (or the
innominate vein) and the inferior vena cava are cannulated with right angle cannulas. The purse string of the inferior
vena may induce atrial fibrillation with hypotension, in such cases bypass is initiated and the inferior vena cava
cannulation is performed on an empty heart. At the onset of bypass, the right ventricle is decompressed and the
thickness of the wall is evaluated. A paper like ventricular wall is an important element to consider for bidirectionnal
cavopulmonary shunt after the repair. Extracorporeal circulation. Body temperature is lowered to 30°C. Superior and
inferior vena cavas are snared with tapes. A double lumen catheter is placed in the ascending aorta for cardioplegia/vent.
At 30°C, aorta is clamped and antegrade cold blood cardioplegia is started. Cardioplegia is repeated every 20 minutes.
The right atrium must be free of cannule. A long incision is performed in the external face of the right atrium. In very
severe cases, it is necessary to reduce as much as possible the ischemic time and to avoid aortic clamping. When an atrial
septal defect (ASD) is present, one single shot of cardioplegia is injected for closure of the ASD, and the aorta is
unclamped. In absence of atrial shunt, the operation is performed at normothermia, with a beating heart and the aorta
is unclamped.
Repair of Ebstein’s anomaly 197Figure 3 Exposure. Stay sutures are placed on the atrial walls and if necessary on the tricuspid annulus. Retractors are
placed in the superior and postero-inferior borders of the tricuspid annulus for exposure of the entire atrioventricular
orifice. A vent line is placed in the patent foramen ovale. If the atrial septum is intact and bulging, a stab is performed
in the fossa oval is for venting the left cavities. Evaluation of the anomaly includes the examination of: the dilated
tricuspid annulus, the displaced and rudimentary septal leaflet, the posterior leaflet which is absent in severe cases, the
anterior leaflet for evaluation of restricted movement; chordae can be present, close to the posterior commissure, but
can also be totally absent, the atrialized right ventricle with various extension, the wider it is, the more severe is the
anomaly. The effective orifice of the tricuspid valve appears narrow and is situated in a high position in the infundib-
ulum.
198 S. ChauvaudFigure 4 Mobilization of the anterior leaflet. Abnormal muscular bands and chordae are placed between the ventric-
ular face of the anterior leaflet and the infundibulum. They are accessible in good conditions with complete exposure
of the infundibulum. Detachment of the anterior leaflet. The anterior leaflet tissue is grasped with forceps and
retracted to a central position in the middle of the orifice. The leaflet tissue is then totally unfolded. A stab is performed
parallel to the annulus at the junction of the leaflet tissue and the annulus. Detachment is conducted from the
antero-septal to the antero-posterior commissure with scalpel or scissors. The scalpel must be strictly perpendicular to
the plane of the annulus in order not to enter the atrioventricular junction and thus avoid right coronary artery injury.
Repair of Ebstein’s anomaly 199Figure 5 Section of muscular bands. The entire infundibulum is exposed. Exposure of the abnormal bands is
completed with a retractor placed in the ventricle and a forceps which pulls the leaflet centrally. Division of abnormal
muscular bands is performed with scissors parallel to the ventricular wall. Each band is exposed with gentle traction on
the leaflet. Progressively the anterior leaflet is freed. When a lateral papillary muscle is present, the body is freed from
the lateral wall and the base is individualized. When the papillary muscle is absent, chordae are also absent. Mobili-
zation is conducted inside the ventricle until the last junction of the leaflet tissue and the muscular wall. In severe cases,
the last adhesion is the moderator band on which is attached the anterior leaflet. This band is detached from the
ventricular wall. Pitfalls of mobilization are perforations of: (1) The ventricular wall when the thickness is less than 2
mm and the leaflet is totally adherent. However, if perforation occurs in the anterior wall of the right ventricle, in a
portion without coronary arteries, closure is easily obtained with stitches outside of the ventricle. (2) The anterior
leaflet. A perforation in the upper part of the leaflet tissue requires closure with 5/0 stitches. Perforations in the lower
portion are left open due to the fact that they will not be incorporated in the occluding portion of the tricuspid valve.
Mobilization must be extensive, far inside the ventricle, otherwise the risk of residual insufficiency is high. When
mobilization is totally performed, the PFO or the atrial septal defect is closed, the aortic vent is open and the aorta is
unclamped. Rewarming is started and ventricular defibrillation usually occurs spontaneously.
200 S. ChauvaudFigure 6 Longitudinal plication of the atrialized right ventricle and reduction of the tricuspid annulus. In Types
B and C of Carpentier, the atrialized right ventricle is well individualized. (A) The shape of this cavity is triangular with
the summit in the apex of the right ventricle, the base being the tricupid annulus. The upper edge is the line of the
attachment of the anterior leaflet on the ventricle. The inferior edge is the junction of the atrialized right ventricle with
the ventricular septum. The muscular wall is depressive. Longitudinal plication induces a plication of the tricuspid
annulus. A stitch is passed twice in the annulus 1) in the antero-posterior commissure (or when absent, where the
anterior leaflet is adherent to the ventricular wall) and 2) below to the coronary sinus. (B) In children a Hegar dilator
of the normal size of the tricuspid annulus for the age is placed in the orifice. Then the tricuspid is plicated posteriorly
according to this diameter. (C) In adults, a 32 sizer of Carpentier tricuspid prosthetic ring is used for measurement and
stitches of plication are placed on the annulus. When pulling this stitch, the triangle becomes a slit with two edges. A
4/0 suture is started from the apex toward the annulus. The running suture is purely endocardial in the white thick
structures and never perforating the wall. Additional stitches are placed for reinforcement. (D) A complementary suture
is placed on the atrial wall for total exclusion of this blind cavity.
Repair of Ebstein’s anomaly 201Figure 6 (Continued)
202 S. ChauvaudFigure 6 (Continued)
Repair of Ebstein’s anomaly 203Figure 7 Suture of the anterior leaflet. The anterior leaflet is rotated in a clockwise position to cover the entire surface
area of the right atrioventricular orifice. A 5/0 monofilament running suture is started at the antero-septal commissure.
Re-attachment should avoid reduction of the leaflet. The end of the suture is below the coronary sinus. Additional single
stitches are placed.
204 S. ChauvaudFigure 8 Prosthetic ring. In adult patients, a Carpentier prosthetic ring reshapes the annulus and prevents secondary
dilation. U shape stitches of 3/0 braided material are placed in the annulus, except where the His bundle penetrates the
ventricular septum. The size of the prosthetic ring is chosen according to the surface area of the anterior leaflet. The sizer
must be equal to the surface area of the anterior leaflet The green landmarks of the commissures which are used in
correction of isolated dilation of the tricuspid annulus are not useful in this situation. In Ebstein’s anomaly, the
posteroseptal commissure is absent and cannot be used.
Repair of Ebstein’s anomaly 205Figure 9 Control of the valvular repair. Saline is injected in the right ventricle with a syringe while closing the
pulmonary artery with forceps. The repair is satisfactory when the anterior leaflet is bulging. A small regurgitant jet is
frequent along the septum because of the absence of leaflet tissue in this location. A central regurgitant flow requires to
reconsider the repair. The causes of significant regurgitant flow are: residual anterior leaflet restriction due to insuffi-
cient mobilization, dilation of the annulus. Specific treatment is necessary. When the result is satisfactory, the right
atrium is closed. The heart is beating and prepared to wean from bypass. Several conditions are necessary before
stopping bypass: sinus rhythm or sequential pace maker, central venous pressure; left atrial pressure (needle), inha-
lation of nitric oxide. Bypass is stopped progressively with left atrial pressure at 5 mm Hg and central venous pressure
at 10 mm Hg. The systemic pressure is usually low; mean 50 mm Hg. Filling is very progressive, control LA pressure
(no more than 10 mm Hg) and CVP at 15 mm Hg. When systemic pressure is not improved, less than 70 to 80 mm Hg
systolic, with LA pressure at 10 mm Hg or less, the situation is characteristic of right ventricular failure. Inotropes are
usually not useful in this situation. The right ventricle dilates slowly, bypass is restarted and a bidirectionnal shunt is
performed.
206 S. ChauvaudFigure 10 The azygos vein is divided. The superior vena cava is dissected on its entire length. The junction of the
superior vena cava in the right atrium is transected between two clamps. The distal stump (atrium) is sutured. A tape
is placed around the aorta for exposition of the right pulmonary artery, which is dissected from the bifurcation of the
main pulmonary artery (behind the aorta) and the division. A U shape clamp is placed on the superior edge of the
pulmonary artery. A stab wound opens the right pulmonary artery with extension with Potts scissors. The superior vena
cava is anastomosed with a 6/0 prolene running suture. The anastomosis must be as large as possible; clamps are
removed, ventilation is restarted. The CVP is monitored with a catheter placed in the right atrium. Bypass is stopped.
If systemic arterial pressure is still low, adrenaline is started.
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Repair of Ebstein’s anomaly 207ssociated Bidirectional
avo-Pulmonary Shunt (BCPS)
he indication is massive tricuspid valve insufficiency with
epressed right ventricular contractility, such as in children
ith early and severe symptoms.
Furthermore, the failing right ventricle detected by ele-
ated right atrial pressure, dilation of right cavities, and low
ystemic pressure with low filling pressure on the left side are
ndications. The situation is confirmed with intraoperative
ransesophageal echocardiography; the left ventricle is small
nd empty, the right ventricle is dilated. BCPS can be life
aving.
The use of bypass rends the anastomosis easier because
entilation could be stopped.
ummary
etween 1980 and April 2003, 210 patients with Ebstein’s
nomaly were operated with valvular and ventricular repair.
ean age was 25  16 year (1 to 70). TReconstruction was possible in 206/210 (98%) and re-
lacement was performed in 4 cases (2%). Overall hospital
ortality was 9% (18/210) due to right ventricular failure in
patients. Permanent pace maker implantation was per-
ormed in 5 cases (2.3%).
BCPS was introduced in 1990 and used in 71 patients. In
evere cases, hospital mortality without BCPS (1980-1989)
as 16% (7/43) and with BCPS (1990-2003) was 10% (7/
1). The difference is significant. Actuarial survival was 86.6
2.5% at 10 years and 82.2  4.7% at 20 years follow-up.
unctional improvement is constant. 85% of the patients
ere in functional class (NYHA) 1 or 2.
Reoperation was necessary in 17 patients (9%, CL 95%: 4
o 15%) with a mean delay of 2.5  1.6 year (1 day to 9.4
ears), for TV insufficiency in 16 patients. A total of 82% of
atients were in permanent sinus rhythm after repair, com-
ared with 61% before operation.
Reconstructive surgery appears to be indicated for all
ymptomatic patients due to: increased life expectancy, func-
ional improvement, and decrease of rhythm disturbances.
he adjunction of BCPS decreases the operative risk.
